On clay minerals found in veins developed in the Kumogi granite mass in the vicinity of Hamada city, Shimane Prefecture, the modes of occurrence and mineralogy such as polytypes and crystal forms were investigated. The clay veins are distinctly divided into three types (types I, II and III) based on the mode of occurrence. The clay veins of type I are formed along nearly vertical faults or fissures, type II occurs as replacement products in vein-form and type III are formed along small fissures or joints. The clay veins of types I and II are composed of mainly mica clay mineral and type III are composed of mainly kaolin minerals. The polytypes of mica clay mineral of type I are identified to be 1Md, IM and 2M, while that of type 11 is only 2M. The modes of occurrence and mineralogy of the clay minerals of types I and III show almost the same mineralogical characteristics to those of clay veins found in Hiroshima granitic rocks (Kitagawa and Kakitani, 1978a, b, c), while the type II is characteristic in the Kumogi granite mass.
INTRODUCTION
Numerous clay veins named "Seam" in the field of civil engeneering are observed at many outcrops of granitic rocks, and also found in the caves of dam-sites and tunnels. They are formed along nearly vertical joints, small fissures and faults. Their width are generally in the range of about 0.1mm to 30cm and they are green, pale-green, dark green, white or gray in colour. Kitagawa and Kakitani (1978a, b, c) reported the mode of occurrence of these clay veins and mineralogy of the clay minerals found in granitic rocks of Hiroshima and Shimane Prefectures. According to them, clay veins are distinctly divided into two types based on modes of occurrence and mineralogy of the clay mineral, i. e. one is greenish vein and the other is white (Manuscript received February 20, 1981) vein. The greenish clay veins, formed along small faults or fissures, consist mainly of mica clay mineral, the interstratified min eral of mica clay mineral & montmorillonite, and montmorillonite mineral. The white clay veins consisting of kaolinite and/or halloysite formed along small fissures or joints, or often developed as networks. They also considered that mica clay min erals were converted to montmorillonite minerals through the interstratified minerals by weathering. On the other word, the greenish clay veins are corresponded to mica clay veins, while white clay veins are corresponded to kaolin veins. The detail mechanism of formation of mica clay and kaolin veins, however, remain to be solved. In this paper, clay veins found in a small granite mass, the Kumogi granite, were investigated in detail with special attentions on the modes of occurrence and the topographical distributions of mica clay and kaolin veins in the mass and we tried to clarify the genesis of both mica clay and kaolin minerals.
GEOLOGY AND TOPOGRAPHY OF THE MASS
The Kumogi granite mass which is inferred to be early Tertiary, is located at about; 10km southeast from Hamada city, Shimane Prefecture (Fig. 1) . The granite mass is about 13 km in length (N-S direction) and about 5km in width (E-W direction). The Kumogi granite is characterized by semiporphyritic texture. The mineral con stituents of the rock are mainly alkali feldspar, quartz, plagioclase and biotite accompanied with a small amount of chlorite, epidote, illumenite, apatite, zircon and pyrite (Imaoka et al. 1977; Imaoka, 1978 to occur as replacement products in vein form (Fig. 4) . It is inferred to be that of mica clay mineral
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TOPOGRAPHICAL DISTRIBUTION OF CLAY VEINS
Topographical distribution of clay veins in the mass based on differences of mode of occurrence of veins, constituent clay min erals in veins and polytypes of mica clay mineral are as follows:
Mode of occurrence
The topographical distribution of clay veins of the three types were plotted on the ground plane of the mass (Fig. 10) . As shown in Fig. 10 , the veins of type I are mainly distributed in margin of the mass which is situated at relatively lower level. On the other hand, types II and III of clay veins are mainly distributed in the middle part which is situated at relatively higher level (Fig. 11) .
The frequency of the three types in the vertical direction of the mass is represented Clay mineral constituent Two minerals, mica clay mineral and kaolin minerals, are distributed character istically in the mass (Figs. 12 and 13) . Mica clay veins are common throughout the granite mass, whereas kaolin veins are prevail in the middle part of the mass (Fig.  13) . The frequency of mica clay and kaolin veins in the vertical direction of the mass is shown in Figs. 14 Polytype of mica clay mineral in the veins of type I The veins of type I consist mainly of mica clay mineral of 2M, 1M and 1Md polytypes. The clay is divided into three types based on the difference of polytype of mica clay mineral, i.e. 2M, 1M and 1Md. The distribution of the three types are plotted in the ground plane of the granite mass (Fig. 16) . The 2M mica clay is mainly distributed in the north and south parts of the mass which are situated at relatively lower level, while IM and 1Md mica clay veins at middle part of the mass locating at relatively higher level.
The frequency of the veins of three kinds is represented in four levels (below 200m, 200-250m, 250-300m and above 300m) (Fig. 17) . Clay veins of 2M mica clay mineral prevail at the low level, while clay veins of 1Md and 1M mica clay mineral prevail at the high level of the mass.
DISCUSSION
The clay veins are distinctly divided into three types (types I, II and III). Namely, the veins of type I and III formed along small faults or fissures, while type II veins occur in vein-form as replacement products. The clay veins of both types I and 11 are mainly composed of mica clay mineral consisting of irregularly plate and elongated tabular forms, and type III veins are mainly composed of kaolin minerals (kaolinite and halloysite). The veins of types I and III are remarkably similar to those in granitic rocks of Hiroshima and Shimane Prefectures (Kitagawa and Kakitani, 1978a, b) with respect to the mode of occurrence of veins and mineralogy of clay minerals in veins, i.e. type I corresponds to mica clay vein (greenish vein) and type III corresponds to kaolin vein (white vein) which are found generally in granitic rocks of Hiroshima and Shimane Prefectures. However, the veins of type II is characteristic in the Kumogi granite mass.
It became clear that the close relation are observed between the distributions of clays (types I and III) and their topographi cal situation. Namely, mica clay veins are, mainly distributed in the margin of the mass which is situated at relatively lower level, though they are widely distributed throughout the mass. On the other hand, the kaolin veins are only distributed in the middle part which is situated at higher level, about 200m.
The mica clay minerals of type I are mainly 2M and 1Md with a small amount of 1M. The 2M mica clay veins are mainly found in the margin of the mass which is situated at relatively lower level, while the 1M and 1Md mica clay veins are distributed at rela tively higher level and especially 1Md mica clay veins are not found at below 200m (Figs. 16 and 17) . As is well known, poly types of mica clay minerals are disordered one layer monoclinic (1Md), ordered one layer monocrinic (1M), two layer monocrinic (2M) and three layer trigonal (3T) structures. Both the IM and 1Md polytypes are metastable formes and 2M is only stable polytype of mica clay mineral (Velde, 1965) . The 2M is more stable than the 1M and 1Md at higher temperature and/or pressure, and with increasing temperature and pressure, 1M structure changes to that of the 2M structure (Smith and Yoder, 1956; Yoder and Eugster, 1955) . According to this, mica clay min erals in the lower level or the margin of the mass may be formed under higher tem perature and/or higher pressure than those in the higher level or the middle part of the mass, or metastable mica clay minerals (1Md and 1M) may be produced because of rapid fluctuations in equilibrium.
The mica clay veins of type I with 2M polytype are mainly distributed in the mar gin of the mass. From study of oxygen isotopic composition of the Kumogi granite, Imaoka et al. (1977) clarified that meteoric ground water interacted with the Kumogi granite mass from the margin to the inside durning their cooling process. Ishihara et al. (1980) dated mica clay mineral cor responding to type I in granitic rock of Hiroshima Prefecture by K-Ar method, and suggested that genesis of mica clay mineral is related to the post granitic activity, i.e. hydrothermal activity. These results may suggest that mica clay minerals in type I veins were formed by hydrothermal solu granite , Shimane Pref. 271 tion which interacted with meteoric ground water intruded from the margin of the mass. Kitagawa and Kakitani (1978c) reported from observation of the clay vein that mica clay mineral transformed to kaolin mineral through montmorillonite mineral by weath ering. However, the mica clay veins differ clearly from kaolin veins in the mode of occurrence and topographical distribution in this mass. The observation dose not show that mica clay mineral transformed to kaolin mineral, or mica clay vein trans formed to kaolin vein.
The mode of occurrence and miner alogy of veins of type II differ from those of type I and III. It is necessary for clay veins of type II and III to examine in more detail and using different approaches to clarify the mechanism of their formation, e.g. trace element composition (Wilke et al., 1978) .
